Purpose: We conducted a meta-analysis to evaluate the prognostic value of the SUVmax measured in pretreatment primary lesions and metastatic lymph nodes (LNs) on 18 F-FDG PET scans in patients with uterine cervical cancer. Methods: A systematic search of EMBASE and MEDLINE was performed using the keywords "positron emission tomography (PET)," "uterine cervical cancer," and "prognosis." Event-free survival and overall survival were evaluated as outcomes. The impact of SUVmax on survival was measured by the effect size of the hazard ratio (HR). Results: Fourteen eligible studies including 1150 patients were analyzed. Patients with a high primary SUVmax showed a worse prognosis, with an HR of 2.66 (95% confidence interval [CI], 1.90-3.74; P < 0.00001) for adverse events and an HR of 2.45 (95% CI, 1.74-3.45; P < 0.00001) for death. Patients with high SUVmax in metastatic pelvic LN (PLN) showed a worse prognosis, with an HR of 2.92 (95% CI, 1.94-4.39; P < 0.00001) for adverse events and an HR of 2.66 (95% CI, 1.60-4.43; P = 0.0002) for SUVmax in PLN for death. In addition, high SUVmax in metastatic para-aortic LN was associated with a worse prognosis, with an HR of 4.41 (95% CI, 2.32-8.38; P < 0.00001) for death. Conclusions: Patients with uterine cervical cancer and a high SUVmax primary lesion, PLN, or para-aortic LN are at higher risk of adverse events or death.
U terine cervical cancer is the third most common cancer in women worldwide and the second most common in developing countries. 1 An estimated 528,000 new cases occurred worldwide in 2012, and 85% of the cases are occurring in developing countries. Worldwide deaths from this disease were estimated to be 266,000 in 2012, accounting for 7.5% of all female cancer deaths and 87% of the cases occurring in developing countries. 2 Conventional prognostic factors for clinical workup include the International Federation of Gynecology and Obstetrics (FIGO) stage, tumor volume, lymph node (LN) metastasis, parametrial invasion, lymphovascular space invasion, and age of the patient. 3 PET using 18 F-FDG has been accepted as a noninvasive tool for staging, assessing the disease response to chemotherapy and radiotherapy, restaging, and predicting prognosis in variable types of malignancy including uterine cervical cancer. [4] [5] [6] [7] Among various parameters of FDG PET, the SUVmax of a tumor or metastatic LN reflects the highest metabolic activity of the lesion and is the most widely used semiquantitative measurement in oncologic PET. SUVmax has been used for differential diagnosis of malignancy, 8, 9 predicting response to systemic treatment 10 and predicting prognosis in many types of cancer. 7, 11, 12 However, there are several conflicting data on the prognostic value of SUVmax. 13, 14 Several authors have suggested that PET positivity or high SUVmax of a primary uterine cervical cancer tumor is a surrogate for an adverse outcome. [15] [16] [17] [18] In addition, a meta-analysis 19 reported that FDG PET positivity in primary cervical cancer is related to a worse prognosis. However, the degree of FDG uptake or the quantitative value was not considered in the previous meta-analysis. SUV of a metastatic LN is also a significant prognostic factor in patients with uterine cervical cancer. 20 Thus, the present metaanalysis was performed to determine the prognostic implications of SUVmax, which is the most widely used and accepted measurement to assess metabolism of both primary tumor and LN metastasis in patients with uterine cervical cancer. 21 
MATERIALS AND METHODS

Data Search and Study Selection
We performed a systematic search of EMBASE and MEDLINE (inception to March 2014) for English publications using the keywords "cervical cancer" or "cervical malignancy" or "cervical carcinoma" and "positron" or "pet/ct" or "pet-ct" or "fluorodeoxyglucose or "FDG" and "prognosis" or "disease free" or "disease specific" or "prognostic," or "survival." All searches were limited to human studies. Inclusion criteria were author, year of publication, country, study design, number of patients, TNM stage, treatment, and end points. Three reviewers scored each publication on a quality scale, based on that used in previous studies. 7, 22 This quality scale was grouped into 4 categories: scientific design, generalizability, analysis of results, and PET reports (Supplementary Table 1 , http://links.lww.com/CNM/A27). A value between 0 and 2 was attributed to each item. Each category had a maximum score of 10 points.
Statistical Analysis
The primary outcome was event-free survival (EFS). Diseasefree survival, recurrence-free survival, and progression-free survival were measured as the primary outcomes and redefined as EFS, which was measured from the date of initiating therapy to recurrence or metastasis. The secondary end point was overall survival (OS), defined as the date from initiating therapy until death by any cause. 23, 24 The impact of SUVmax primary lesion, SUVmax PLN, or SUVmax PALN on survival was measured by the effect size of the hazard ratio (HR). Survival data were extracted using the methodology suggested by Parmar et al. 25 We extracted a univariate HR estimate and 95% confidence intervals (CIs) directly from each study, if provided by the authors. Otherwise, P values for the log-rank test, 95% CI, number of events, and number at risk were extracted to estimate the HR indirectly. Survival rates on Kaplan-Meier curves were read by the Engauge Digitizer version 3.0 (http://digitizer.sourceforge.net) to reconstruct the HR estimate and its variance, assuming that patients were censored at a constant rate during the follow-up. An HR of greater than 1 implied a worse survival for patients with a high SUVmax, whereas an HR of less than 1 implied a survival benefit for patients with a high SUVmax. Heterogeneity among studies was assessed by the χ 2 test and I 2 statistics, as described by Higgins et al. 26 We also extracted SUVmax survival data from the same studies included in this meta-analysis, as mentioned previously. P < 0.05 was considered statistically significant. Data from each study were analyzed using Review Manager (RevMan, version 5.3; Copenhagen, Denmark: The Nordic Cochrane Center, The Cochrane Collaboration; 2012).
RESULTS
Study Characteristics
The electronic search identified 105 articles. Sixty-four studies were excluded, which did not meet the inclusion criteria based on the title and abstract. Reviewing the full text of the remaining SUVmax in Uterine Cervical Cancer Prognosis 41 articles, 14 studies that included 1150 patients were eligible for this study (Fig. 1) . Nine studies were designed retrospectively and 5 prospectively. Event-free survival was measured according to the primary lesion SUVmax in 6 studies. Among these, HR of EFS was reported in 2 studies 3, 20 and calculated from the event rate in the other 4 studies. [27] [28] [29] [30] The HR of OS based on the primary lesion SUVmax was calculated from death rate in 6 studies. 15, 27, 29, [31] [32] [33] The HR of EFS based on the PLN SUVmax was reported in 2 studies 20, 34 and calculated from event rate in the other 2 studies. 35, 36 The HR of OS based on PLN SUVmax was reported in 1 study 34 and was calculated from death rate in other 2 studies. 35, 36 The HR of EFS and OS based on PALN SUVmax were reported in 1 study, 34 whereas the HR of OS based on PALN SUVmax was calculated from death rate in 1 study. 37 In each study, patients were divided into 2 groups (high and low SUV) according to cutoff values. Each group of researchers determined different cutoffs for their respective studies to demonstrate discrepancies in survival among patient groups with higher and lower SUVmax. Receiver operating characteristic analysis was applied in 4 studies to determine the cutoff level, 29 ,32,36,37 a log-rank test was applied in 2 studies, 3, 20, 28 and the median value was applied in 2 studies. 15, 27 Other methods of cutoff determination were logistic likelihood ratio, 35 the mean value, 31 successive arbitrary cutoff, 30 tertile categorization for PLN SUVmax, and dichotomization for PALN SUVmax. 34 Method of cutoff determination was not described in 1 study. 33 The cutoff values were 5.3 to 15.6 for primary SUVmax, 2.1 to 4.5 for PLN SUVmax, and 3.3 to 6.5 for PALN SUVmax. The study characteristics are summarized in Tables 1 and 2 .
Primary Outcome-EFS
Event-free survival according to primary SUVmax was analyzed in the 6 studies. 3, 20, [27] [28] [29] [30] The combined HR ( Fig. 2 ) for adverse events was 2.66 (95% CI, 1.90-3.74; P < 0.00001). No significant evidence of heterogeneity was detected (χ 2 = 4.31; P = 0.51; I 2 = 0%). Four PLN SUVmax studies were included in the EFS analysis. 20, [34] [35] [36] The pooled HR using a random-effects model ( Fig. 3 ) was 2.92 (95% CI, 1.94-4.39; P < 0.00001; I 2 = 0%). One study was found that reported HR for EFS based on SUVmax PALN, 34 which was 3.47 (95% CI, 1.41-8.56; P = 0.007).
Secondary Outcome-OS
Overall survival according to primary SUVmax was analyzed in the 6 studies. 15, 27, 29, [31] [32] [33] The combined HR for death was 2.45 (95% CI, 1.74-3.45; P < 0.00001) (Fig. 4) . The heterogeneity test result was not significant (χ 2 = 4.41; P = 0.49; I 2 = 0%). Three PLN SUVmax studies [34] [35] [36] were included in the OS analysis. The pooled HR (Fig. 5) for death was 2.66 (95% CI, 1.60-4.43; P = 0.0002). No evidence of significant heterogeneity was detected (χ 2 = 0.59; P = 0.75, I 2 = 0%). Two PALN SUVmax studies 34, 37 were included in the OS analysis. The pooled HR for death (Fig. 6 ) was 4.41 (95% CI, 2.32-8.38; P < 0.00001). No evidence of heterogeneity was detected (χ 2 = 0.02; P = 0.88, I 2 = 0%).
DISCUSSION
In the present meta-analysis, the prognostic value of SUVmax on 18 F-FDG PET in patients with uterine cervical cancer was evaluated by analyzing the HRs of EFS and OS in patients with high primary lesion, PLN, or PALN SUVmax compared with those with low SUVmax. Patients with high primary SUVmax had a 2.66-fold higher risk of an adverse event, according to pooled results, or a 2.45-fold higher risk of death than did those with a low primary SUVmax. In addition, the risk of adverse effects was 2.92-fold higher and the risk of death was 2.66-fold higher in patients with a high PLN SUVmax, compared with those with a low PLN SUVmax. Accordingly, the risk of adverse effects was 3.47-fold higher and the risk of death was 4.41-fold higher in patients with a high PALN SUVmax, compared with those with a low PALN SUVmax. The primary tumor SUVmax before treatment is a prognostic factor in various types of malignant tumors including uterine cervical cancer. [6] [7] [8] Although conflicting results exist for other types of cancer, such as esophageal and lung, 13, 14 all uterine cervical cancer studies included in the present meta-analysis showed a significantly worse prognosis associated with higher SUVmax. However, SUVmax was not a significant independent prognostic factor in the multivariate analyses conducted in each study in the present meta-analysis, except in 2 studies. 29 size. 9 Actually, these 2 studies 29,30 included patients with relatively low stages (I-II). Also, another study by Chung et al 20 evaluating patients with low-stage disease (IBI-IIA) reported that the primary tumor SUVmax was almost an independent prognostic factor as suggested by multivariate analysis, with an HR of 5.06 (95% CI, 0.97-26.42; P = 0.055). Xue et al 27 have also found FIGO stage I to be a borderline significant (P = 0.058) predictor of disease-free survival. Thus, primary tumor SUVmax could be an independent prognostic factor for EFS in patients with lower-stage uterine cervical cancer.
Previous reports have designated abnormal uptake of FDG into LNs on PET images as an independent prognostic factor in patients with uterine cervical cancer. [16] [17] [18] An increased risk of recurrence with higher uptake in LN metastasis has also been reported. 18 In the present meta-analysis, there were 2 studies that conducted multivariate analysis including PLN SUVmax. The 2 studies 20, 36 reported that the PLN SUVmax is a significant independent prognostic factor for EFS. There was only 1 study 34 that conducted multivariate analysis including PALN SUVmax in the present meta-analysis, and the study showed that PALN SUVmax is a significant independent prognostic factor, with an HR of 3.47 (95% CI, 1.41-8.56; P = 0.007). Although very limited studies are available, the metastatic LN SUVmax could be an independent prognostic factor in patients with uterine cervical cancer.
Among studies that were excluded after full-text review, 15 studies reported survival statistics without SUV, and there were 9 studies that did not report any cutoff value of SUV. There were 11 articles regarding prognostic value of primary FDG uptake; among those, 6 studies have found pretreatment primary tumor uptake of FDG or SUVmax primary as predictor of survival, whereas no uptake or lower SUVmax was associated with better outcome, 16, 17, [38] [39] [40] [41] whereas 5 studies could not find FDG uptake in primary tumor or primary tumor SUVmax to be associated with prognosis or as a predictor of survival. [42] [43] [44] [45] [46] Meanwhile, 2 studies investigated the predictive role of the ratio of pretreatment and posttreatment SUVmax of primary tumor and found it as a predictor of survival, prognosis, 47 and treatment response. 48 There were 13 articles regarding the prognostic value of PLN or PALN FDG uptake; among them are 10 studies that found pretreatment PLN or PALN uptake of FDG as a predictor of survival, whereas a negative uptake was associated with better outcome, 16, 17, 38, 42, [49] [50] [51] [52] [53] [54] and 3 studies could not find abnormal FDG uptake in PLN or PALN as a significant predictor of survival. 46, 48, 55 Meanwhile, pretreatment SUVmax of PLN and PALN was also reported to be higher in patients who were nonresponders to treatment compared with patients who responded well. 42 Also, several studies showed that patients with progressive echelon of LN involvement (PLN, PALN, supraclavicular lymph node) were found to be prone of disease recurrence and worse survival. 17, 18, 56 One article 57 that almost met the inclusion criteria was excluded from our meta-analysis because the investigators reported survival by comparing among 3 prognostic groups; thus, we could add the data for calculating summed HR. However, they found an increased pretreatment primary tumor SUVmax to be a predictor of death and cause specific survival where higher SUVmax primary was associated with poor survival, persistent disease, recurrence of disease, and LN metastases. We found 3 articles from Seoul National University, all meeting inclusion criteria of our meta-analysis. However, to avoid the overlapping of cohort, 2 articles 58, 59 were excluded, whereas the one 20 that had the largest patient cohort and also the most recently published was included. Both these excluded articles have explored that the pretreatment primary tumor SUVmax was a significant predictor of EFS, whereas a poor survival and metastasis to LNs were significantly associated with a higher primary lesion SUVmax.
SUV varies according to blood glucose levels, fasting duration, uptake duration, and method of attenuation correction and reconstruction. We reviewed these factors in the included studies using a quality assessment form (Table 1) . Five studies scored 8/8, 6 scored 7s/8 (87.5%), and the other 3 scored 6/8 (75%) in PET reports for the quality assessment category. Seven studies reported that blood sugar level testing and imaging were performed in patients with blood sugar levels of less than 150 to 200 mg/dL. Fasting durations, ranging from 4 to 8 hours, were well documented in all studies, except in 3. 33, 35, 36 In addition, uptake durations, ranging from 40 to 90 minutes, after injecting 18 F-FDG were well reported in all studies (Table 2) , except in 3 studies reporting a duration of up to 195 minutes. 27, 33, 35 Regulations for measuring SUV were acceptable, except in those 3 studies 27, 33, 35 because of the relatively long and wide range of the uptake period; however, the pooled HR was similar to the original result even after those studies were excluded.
Our meta-analysis results demonstrated that the risks of an event and survival are distributed along a cutoff for the pretreatment SUVmax of both primary tumor and metastatic LN. Although there was a discrepancy in the SUVmax cutoff among studies, and each study applied a different method to identify a specific SUVmax cutoff for worse prognosis, the association between a greater risk of an event and a higher SUVmax was unanimous. Also, heterogeneity was not detected in the present meta-analysis. Although cutoff SUVmax of primary tumor to predict worse outcome had a wide range in the present meta-analysis, which is from 5.3 to 15.6, SUVmax cutoff of primary tumor for worse outcome might be suggested differently according to FIGO 29 ) . This is the first meta-analysis to evaluate the prognostic value of the SUVmax in patients with uterine cervical cancer; however, there were several limitations. We were unable to propose an optimal cutoff value to categorize primary, PLN, or PALN SUVmax values as high or low. A different cutoff delineation and strategy were applied, because study patients of different FIGO stages and different histological findings were enrolled in each study, which may have affected the events occurring over time and the survival. Further studies with individual patient data are needed to propose cutoff standards and delineation methods to predict a prognosis using SUVmax. Although we found that patients with high SUVmax had a higher risk of adverse events or death than did those with low SUVmax, there was difficulty interpreting the HRs for SUVmax, which was caused by an unknown incidence rate for the events. Further prospective studies utilizing incidence rates are needed. Most of the included studies were designed retrospectively 3, 15, 20, [27] [28] [29] 31, 32, 36 ; thus, inference was underpowered. However, 5 studies were designed prospectively. 30, [33] [34] [35] 37 Publication bias could not be excluded. In addition, the potential impact of language bias could have existed, because non-English articles were excluded. In addition, even though 2 reviewers independently extracted the data from each study, complete data accuracy could not be ensured.
CONCLUSIONS
SUVmax measured by 18 F-FDG PET is a significant prognostic factor of outcome in patients with uterine cervical cancer. Patients with a high preoperative primary lesion, metastatic PLN, and/ or PALN SUVmax are at higher risk of adverse events or death.
